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RHO FAMILY ANTAGONISTS AND THEIR USE TO 
BLOCK INHBmON OFNEURITE OUTGROWTH 

FIELD OF INVENTION 

This invention relates to the regulation of growth of neurons in the Central Nervous System. 

BACKGROUND 

Followmg traumaintheadultcentralnervous system(eNS) of mammals, injuredneurons donotregenerate 
theirlransected axons, Animportantbarrier to regeneration is the axon growth inhibitory activity that is 
presentinCNS myelin andthat is also associated with theplasmamembraneofohgodendrocytes,thecelIs 
thatsynthesizemyelininthe CNS (see Schwab M.K, etai, (1993)^?i7i. Rev. Neurosci, 16, 565-595, 
forreview). The growthinhibitory properties of CNS myelin have been demonstratedin anumber of 
different laboratories by awide variety of techniques, including plating neurons onmyelin substrates or 
ayostat sections of whitematter, and obsCTvations of axon contact withmature oUgodendrocytes (Schwab, 
M.E., et aly (1993) Anm. Rev. NeuroscL 16, 565-595). Therefore, it is well documented that adult 
neurons cannot extend neurites over CNS myelin w vitro. 

IthasalsobeenweUdocumentedthatremovingmyelininvh^inpov^ 

overthenativeterrainoftheCNS. Regeneration occuisafteriiradiationofnewbomratSjaprocedm'elha^ 
kills oligodendrocytes and prevents the appearance of myelin proteins (Savio and Schwab, (1990) 
//euro&o/ogy 87,4130-4133). After suchaprocedure in rats andcombinedwithacorticospinal tract 
lesion, some corticospuial axons r^row long distances beyondflie lesions . Also, in achickmodel of spinal 
cordrepair, the onset of myelination correlates with aloss of its regenerative ability of cut axons (Keirstead, 
et al, (1992) Proc. Nat Aca± Set (USA) 89, 11664-H668). The removal of myelin with 
anti-galactocerebrosideandcamplementintheembrycmccMckspin^ 
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foraxonalr^eaeralion. These experiments demonstrate agoodcrareladonbetweenniyelmadonandthe 
failure of axons to regenerate in the CNS. 

Myelin inMWtsaxongiDW&becauseit contains atleastseverddiffomtgrow^ 
beenweUdocimentedbyusandby others thatmyelin-associatedglyojpro^ 
inhibitory activity, both in vitro and in mo (McKerracher, L., et ai, (1994) Neuron 13, 805-811; 
Mukhopadhyay, G., et ai, (1994) Neuron 13, 805-81 1; Li, M., et al, (1996) J. Neurosd. Res. 46, 
404414;Schafer,M.,e/fl/.,(1996)AfewrD«16,1107-in30.AMghmolecularweightinhibitoryx^ 
has been dharacterizedby Schwab and collaborators, andneutralization of this activity -mtii the IN-1 
antibody allows some axons to regenerate in white matter (Schwab, M.E., et al, (1993) Ann. Rev. 
Neurosci.,16, 565-595; Bregman,B., etaL (1995) NatureZn, 498-501 .). Wealsohaveevidencethat 
thereis an additional growthinhibitoryproteininntyelinpfi[ao,Z., etal.,{\9yi)Soc. Neurosd. Absts. 
23, 1994). Qearly, there aremultipleinhibitoryproteinsfcatstopaxonregeneradoninmammalia^ 
myelin. 

In addition to themydin-derivedinhibitors there are also other growthinhibitoiy molecules expressedin 

IheadultmammalianCNS. TenacinisagrowthiDhibitoryproteinthatisexpressedinsomennmyelinated 

regions of theCNS (Bartsch,U., eta/., (1994) J. Neurosd. 14, 4756 -4768) and after lesion tenasdn 

isexpressedby astrocytes thatbQrderthelesionsite(AjemainandDavid(1994)/. Cmp.Neurol. 340. 

233-242). Also growth inhibitory proteins that areproteoglycans are ejqjressedby reactive astrocytes, 

and theseproteimformabarrierto regeneration atlhegUalscar(McKeonandSilver(1995)%.iV^ 
136,32-43). 

While axons daraagedintheCNS invivo donottypicallyregrow,therehavebeensomereports oflong 
distanceaxon extmsioninadultwhitemattar. Sudigrowthhas been obscrvedfollowingtransplantatiQnof 
graftedneuraltissue(Wictorin,K, effl/.,(1990)Mrfwre347,556-558;Davies,S.J.A., e^a/.,(1994)/ 
Neurosd. 14, 1596-1612.; Isacson, 0. and Deacon, T.W. (1996) Neurosdence 75, 827-837), 
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suggesting thatembryonicneurons pri^^ 

inhibition. S ome embiy onic neurons are not susceptible to MAG (Mukhopadhy ay , G. ,etaL,{l 994) 
Neuron 13, 805-8 1 1), butmost embryonic neurons areinhibitedby the othermyehn inhibitors (Schwab, 
M.iB., etal,{l 993) Ann. Rev, NeuroscL , 16, 565-595). Therefore, in the cases when axons are ableto 
extend onrayelin, signaling through intracellularpathways may play animportantrole in stimulating, or 
blocldng the inhibition of axon growth. For example, it is Imown that la^ 
neurite growth (Kuhn, T.B., et a/., (1995) Neuron 14, 275-285), and we have documented that when 
laminin is presentin sufficient concentration, neurites can extenddirecdy onmyelin substrates. These 
findings suggestthepossibility that&estimulation of the integrins, thereceptors for laminin, is suffidentto 
allow axon growth onrayelin. Similarly, ithas been documented thatwhen the adhesionmotecule LI is 
expressed ectopically on astrocytes, itcan partially overcome their non-permissive substrate properties 
(Mohajeri, M.H., et al, (1996) Eur 1 NeuroscL^ 1085-1097). Therefore, neurons can, under 
^propriate conditions, grow axons oninhibitory substrates, suggesting that thebalance of positive to 
negative growth cues is a critical determinant for the success or failure of axon regrowth after injury. 

Growth inhibitory proteins typically cause growth cone collapse, a process that causes dramatic 
rearrangementstothegrowthconecytoskeleton(Bandtlow, C.E., etai., (1 993) Science259. 80-83; Fan, 
J., etal,{\993) I CellBiol m, 867-878; Li, M., etal., (1996) / Neurosci iiey, 46,404-414). One 
family ofproteinslhathasbeenimpUcatedin receptor-mediated 

GTPasesoftheRho family (Hall, A.(1996)^nn. i?ev. Ce//5w/. 10,31-54). hnon-neuronal cells it 
has been clearly documented that mutations in Rho family members that include Rho, Rac and cdc42, 
aj9ectadhesion,actinpolynienzatiQQ,andthef 

importanttomotility (Nobes,C.D. andHall, A.R. (1995) Ce//8i, 53-62.).Thereisnowgoodevidence 
thatmembersoftheRhofamilyregulateaxonoulgrowthindw^^ Mutations inRho-relatedfamily 
members blocktheextensionofaxonsinI)rosophila(Luo,L,etal,, (1994) GenesDev. 8, 1787-1802) 
anddisruptaxonalpatibfindinginC. elegans (Zipldn,LL, etal., (1997) Ce//90, 883-894.). Morerecently 
ithas beenshown that the guidance molecde coUapsin acts throughaRac-dependent 
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andStrittmatter, S.M. (1997) J. Neurosci 17, 6256-6263). In transgenicmicethat express cx)nstitutively 
active Rac in Purkinje cells, there are alterations in the development of axon terminals and dendritic 
arborizations (Luo,L., etaL (1996) Nature319. 837-840.1. Consistentwillithe observations w vivo, 
itwas found IhatdominantnegativeRac expressed inPC12cellsdismptsneuriteoutgrowthin response 
toNGF(Hutchens,JA,e/fl/,,(1997)Mo/ec. Biol Ce// 8, 481-500.). Also, treatment of PC12ceUs 
wiAlysophosphatidicacid, amitogenicphospholipid, causes neuriteretractiontiiatismediatedbyRho 
(Tigyi, G, etal, (1996) J. Neurochm. 66, 537-548.). Therefore, differentmembers of the Rho family 
can exert distinct effects on neurite growth, and in PCI 2 cells the activation of Rho is correlated with 
growth cone coU^e. Innon-neuronal cells, Rhoparticipates in integrin-dependent signalling (Laudanna, 
C.,e^fl/,,(1996)&/ence2n,981-983.;Udagawa,T.andMcI^^^ 

1 2542- 1 2548) . The possibility that Rho might play arole within the my elin-derived growth inhibitory 
system has been studied (Jin, Z. and Strittmatter,S.M. (1997) J. /fewro^ci. 17, 6256-6263). Itwas 
concluded, however, that the inhibitory effects of myelin are not mediated by Rho family members 

Aneedremains for ameans of inactivating the multiple inhibitoiy proteins presentinmyehn that prevent 
axonal regrowfh after injury in the CNS. 

This backgroundinformationisprovidedforthepurpose of makingknown infonnationbelievedby the 
applicanttobeofpossiblerelevancetothepresentinvention. No admission is necessarily intended, nor . 
shouldbe CQnstrued,1iiatany of tiiepreceding information constitutes prior art against thepresent invention. 



SUMMARY OF THE INVENTION 

Thepresentinventionrelates to antagonists andinhibitors tomembers of theRho family of proteins and 
diagnostic, therapeutic, andresearch uses for each oftheseaspects. In particular,members of theRho 
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family of proteins sore as ather^eutictargettofo^^ 

CNS... 

In accordance with thepresent invention, apreferred cmbodimentrelates to antagonists and inhibitors of 
members of the Rho family of proteins andtheiruse as ameans ofblocking a commonsignalingpathway 
us edby the diverse growth inhibitoiy molecules . Hie antagonists and inhibitors may be mutated forms of 
Rho andbiologically active (Rho family-inhibitory) fragments, peptides, G andbiologically active (Rho 
family-inhibitory) fragments, or small molecules such as Y-27632. 

Inyet afurther aspect of the present invention, Rho family memberproteins canbeusedto d&ign small 
molecules that antagonize and inhibit Rho family proteins, to block inhibition of neurite outgrowth. In- 
anotheraspectof thepresent invention Rho family members canbeusedto design antagonist agents that 
suppress the myelin growth inhibitory system. These antagonist agents canbeusedtopromoteaxon 
regrowth and recovery from trauma or neurodegenerative disease. 

This invention provides for the use of Rho, or proteins related to Rho as therapeutic targets for agents 
designedto blockgrowth inhibition by myelin or myelin proteins. One embodiment pertains to the use of 
Rhoantagoniststhatfosteraxonregenerationintheccntralnervoussystem. The therapeutic agent or 
antagonist can be small molecules, proteins or peptides , or any agent that binds to Rho or its family - 
members to inactivate'this pathway. 

Another embodimentpertains to the use of the Rho regulatory pathway as atarget for Rho antagonists. 
This pathway involves the GDP/GTP exchangeproteins(GEPs). Rho has two interconvertible forms, 
GDP-boundinactive, and GTP-boundactivefonns.TheGEPs promote the exchangeofnucl^^^ 
thereby constitute targets for regulating the activity of Rho. 



Inanother embodiment GDP dissodationinhibitois (GDIs) inhibitthe dissociation of GDP fromRho, and 
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therebypreventthebinding of GTP necessary fortheactivation of Rho. Therefore, GDIs are targets for 
ageats thatregulateRho activity. TlieGTP-boMdactiveRho can be coavertedtoA^ 
fonnby aOTPasereaction that is facilitated by its specific GTPase activating protein (GAP). Thus, 
another embodiment pertains to the use of GAPs as targets for the regulation of Rho activity. Such 
inhibitors could block exchange of the GTP/GDP cycle of Rho activation/madivation. 

AnoAer embodimentpertains to the fact that Rho is foundinthe cytoplasm complexed with a GTPase 
inhbitingprotein(GDI). Tobecomeactive,RhobindsGTPandistranslocatedtothemembrane. Thus, 
agents that promote Rho binding to GDI, and block Rho binding to the plasma membrane are also 
considered within the scope of this mvention. 

Yet another embodimentpertains to the observation that abaaerial inon-ADP ribosyltransferase, C3. 
transferase, ribosylates Rho to inactivate the protein. Thus this erabodunent pertams to the use of C3 
transferaseto inactivate Rhoaudstunulate axongrowth. Likewise, other bacterial toxins, such as toxins 
A and B, with related Rho-inhibitory activity are considered to be within the scope of this invention. 

Moreover, various mutations of the Rho protein can create dominfflit negative Rho, whidh can interfere widi 
thebiologicalactivily of endogenous RhoinneuroM.Thus,yetafiirtherembodraieatofthis invention 
pertains to the use of dominant negative forms of Rho, used to inactivate Rho, to foster axon growth. 

In accordance with another aspectofthepresent invention, thereisprovidedanassaymethoduseful to 

identifylUiofenmlymaiibcrantagcmistagentsthatsiqjpressmhibiti^^ 

steps of: 

a) culturingneurons onagrowthpemMssivesubstratethatmcorporates agrowth-inhibitingamount 
of a Rho family member, and 

b) ®q50smgthecdturedneuronsofstepa)toacandidateRhofMymemberantagonistagm^ 
amount and for a period sufficient prospectively to permit growth of the neurons; 
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hereby identifying as Rho family antagonists the candidates of step b) which elicit neuiite outgrowth from 
the cultured neurons of step a). 

In accordance with another aspect of the present invention, there is provided amethod to suppress Ihe . 
inhibition of neuron, comprising thesteps of dehveiing, to thenerve growth environment, aRho family 
antagonist in an amount effective to reverse said inhibiticm. 

In another embodiment, kinases activated by Rho, such as Rho-associated kinase, are antagonist 
candidates. Thus, compounds suchas Y-27632 (U.S. PatentNo. 04997834), that blockRho-associated 
kinase activity, thereby mactivating the Rho signahngpathway, are also embodiments of thi?invention. 
Thus, the use other compounds within this family of compounds as describedinU.S. PatentNo. 04997834 
that inhibit Rho kinase are also considered within the scope of this invention. 

hi yet another embodiment, akit is provided comprising components necessary to conduct the assay 
method useful to screen Rho family antagonist agents. 

Various other objects and advantages of the present invention will become apparent from the detailed 
description of the invention. 

BRIEF DESCRIPTION OF FIGURES 

Figure 1 shows results oftreatmentwithG to stimulateneurite outgrowth oninMbitoiyMAG^^ 
A) PC 12 cells plated on MAGremainedrounded and didnot extendneurites. B) Cells platedon MAG 
in thepresenceof C3grewneurites. C)PC12cellsplatedonpolylysine(PLL)sutetratesasapositive 
control 
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Figurc2shovrafceroleofiiit^rinsmovenidinggrowth Theanti- al integrin function 

blocldng antibody, 3A3, was used todetemiineif integrin functionis necessary forlamininto override 
growthinhiMonbynijrelinQrMAG. Fore3qperimentsonniyeiinsubstrates(A-D), ceUswerefluQresceotly 
labelledwilhDiI,andplatedonniyelin(A),polylysine(B),ormyelin+l nglaminin(CandD). ControlIgG 
was added to samples A-C, the3A3 antibody toD. Neurites donot extendonmyelinbut grow onlaminin 
(Smixedlaminin/nqrelinsubstrates. When3A3 is added, laniininnolongerovenides growfliinhibitionby 
myelin. Panels (E-H) show by phase contrast cells plated on recombinant MAG (E), laminin (F), or 

recombinantMAGplus laminin(GandH),withcontrol antibody (E-G)orwith3A3(H).htegm 
is needed to override growth inhibition by MAG. 

Figure3presentstheresdtsofstudiesinwhichPCI2cellstransfectedwithdoininantn^ativeRhoe3rt 
short neurites on MAG substrates. Mock-transfected PC12 cells (a,c,e) or cells transfected with 
dominant-negativeRho(b,d,^wereplatedon laminin (a,b) orMAG (c-f). MAGinhibits neuriteou^rowth 
(c), but dominant negative Rho cells spreadon MAG andsome cells extend shortneurites (cQ. Treatment 
with C3 further stimulates neurite outgrowth on MAG from both lines of cells (e,f). 

Figure 4 shows activation of Rho on MAG substrates. Activated Rho is associated with the plasma 
membrane. Todetermine if activated Rho was detectedunderconditionswherePC12cells donot grow 
neurites, cellsweregrown in suspension orplated on MAGorcoUagensubstrates.Twohourelaterlhe 
plasmamembraneswerepurified, theproteins separatedby SDS PAGE, andtheproteins transferedto 
niliocellulose andstainedwilh PonceauS . Rho A was detected ontheblots by immonoreactivity withanti- 
RJiQAantibo(fy.Immunoreactivi1ywasstrongestwhencellsweregrowninsuspensionorwhcnce^ 
platedonMAG. Therefore,RhoAismoreactivewhencells arekeptinsuspensionorplatedonMAG 
than when plated on growth-permissive collagen. 

Figure5showstreatmentofretinalneuronswifcC3 stimulates neurite growth onpolylysineandMAG 
substrates. OnnMAGsubstratesneuritegrowthisinMbited(a),butafterC3treatmentretinaln^ 
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platedonnMAGsiibstratesexteQdnem^ Growth of neuritesfromrctindneu^ 
Bar, 50 ^m. 

Figure6 demonstrates ADP-ribosylation ofRho by C3 detected in cultured cells. PC12 cells orretinal 
neurons were cultured in the presence (+) or absence of C3 (-) for two days. The cells were lysed, and 
10 ^ig of protein from eachsamplewas separatedona 1 1% acrylamidegel. Theproteins weretransfered 
to nitroceUulose, probed withniouseanti-RhoAantiT)odyandm^^ 

acheniilunnnescentreaction(top panel). Themembranes werethenreprobedwithrabbbitanti-Cdc42 and 
anti-rabbitalkalinephosphataseandrevealed within colorreaction. Treatment of cells withC3 
resulats in an ADP-ribosylation-induceddecreasein thempbility of RhoA. Themobility of 6dc42 does 
not change with C3 treatment 

Figure? illustrates methods used to study the effect of C3 on injured optic nerve. FigureTashows the ' 
optic nerve was removedfrom the sheath priorio crushing with 10.0 sutui'es (top) and C3 was applied 
inGelfoam and Elvax tubes (redbai's) immediately following optic nerve crush (middle). The retinal 
ganglion cell axons were detected by anterogi'ade labeling with cholera toxin and timmunodetection of the 
cholera toxin inlongitudinal sections of the optic nerve (bottom). Figures 7c, 7d,7e,and7f show treatment 
of crushed optic nerve with C3 stimulates regenerative growth of retinal ganglion cell axons, (c) 
LongitadinallS^nisectionofabufFer-treated control opticnervesho^^ 
to cross theinjuredregion; (d,e ) Longitudinal 1 5 ^imsections of two different optic nerves treated with C3 
showing anterogradely-labeledaxons extendingpastthe crush (arrows) . Ihesite of cnishis indicated with 
anowheads; (f) Highcrmagnification view of (e) showingthetwistedgrowdi of regenerating axons. Bar, 
100 jun(c,d,e)and50fmiinf Figure 7b shows quantitation ofaxon regeneration across the site of lesion, 
Representationof regeneration observedin diffomt animals. |or each a^ 
axons observedinasingle 14 funsectionwas counted at different distances fromthesiteofthecnisk Each 
point represents one animal, but animals with growth past 500 ^im are also represented at the shorter 
distances. Large numbers of regoiOTting fibers (>10/section) were observedto cross tiie lesion after C3 
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treatment compared to treatment with PBS. 



DETAILED DESCRIPTION OF THE INVENTION 



ThisinvoitionarisesfimlhediscoveiythatRhoffflnilymemte 

bymydinproteins,andbyMAG.Tlim,thismventiQnpx)videsfeeadmtageofident^^ 

target, Rho family members, for all of the multiple inhibitory proteins that must be inactivatedto allow for 

growth on myelin. This invention provides antagonists of Rho family members, that permit axon 

regeneration. Themethodofthis inventionprovides forinactivation of Rho family members, thereby 

stimulatingneurite growth on growth inhibitory substrates . Therefore, antagonists that inactivate Rho femily 

members in vivo allow axon regeneration in the injured or diseased CNS. 

This invention provides for the use of Rho, or proteins related to Rho as therapeutic targets for agents 
designedtoblockgrowthinhibition by myehn or myelinproteins. One embodiment pertains to theuseof 
Rhoantagonists thatfosteraxonregenerationiiithecentralnervoussystem. Thetherapeuticagentor 
antagonist can be small molecules, proteins or peptides, or any agent that binds to Rho or its family 
manbers to inactivate this pathway. Another embodiment pertains to the use of the Rho regulatory 
pathw^asatargetforRhoantagonists. This pathw^involves the GDP/GTPexchangeproteins(G^^ 
Rho has two interconvertible forms, GDP-bound inactive, andGTP-bound active forms. The GEPs 
promote theexchangeofnucleotidesandthereby constitute targets for regulating theactivityofRho. In 
aiiolher embodiment GDP dissociation inWbitQrs(GDIs)inhibitthedissodadonofGDPfromM^^ 
thereby preventthebindingofGTPnecessaryfortiieactivalionofRho. Therefore, GDIs aretargets for 
agents thatregulateRhoactivity. The GTP-boundactiveRhocanbeconvertedtotheGDP-boundinactive 
form by aGTPase reactionthatis facilitatedby its specific GTPase activating protein (GAP). Thus, 
another embodiment potains to theuseofGAPs as targets for theregulationofRho activity. AnothCT 
embodiment pertains to the fact that Rho is foundinthe cytoplasm complexedwithaGTPaseinhibiting 
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pn)tein(GDI). Tobecomeactive,RhobmdsGTPandistransl^ ThuSjagentsthat 
promoteRhobinding to GDI, andblock Rho binding to the plasmamembrane are also considered within 
the scope of this invention. Yet another embodiment pertains to the observation that abacterial ADP 
iibosyltransferase,G transferase,ribosylatcsIUiotoinactiv^ Thusthiserabodimcntpertains 

5 totheuseofC3transferasetoinactivateRhoandstimulateaxongro\^^ Likewise, other bactenal toxins, 
such as toxins A andB, withrelatedRho-inhibitory activity are consideredtobewiihinthescopeofthis 
invention. Moreover, various mutations ofthe Rhoprotein can create dominantnegative Rho, which can 
interfere with the biological activity of endogenous Rhoinneurons. Thus,yetafurther embodiment ofthis 
invention pertains to the use of dominantnegative forais of Rho, used to inactivate Rho, to foster axon 

10 growth. 

"Anfc^gnnist^Veferstnaphamiaceutical agentwhich in accordance with thepresentinventionwhichinhibits 
atleast onebiological activity nomially assodatedwrthRhofamilymcmbers, thatisblocldngorsui^^ 
the inhibitionofneurongrowth. Antagonists which may be usedin accordance with thepre^ 

1 5 include withouthnritation, one OTmorc Rho family members fiagment, adaivative of Rho family members 
or of a Rho family members fragment, an analog of Rho family members or of a Rho family members 
fragment or of said derivative, and apharmaceutical agent, andis further characterizedby theproperty of 
suppressing Rho family members-mediated inhibition of neurite outgrowlk Preferredantagonists include: 
mutatedfomas ofRho,suchas Rho whereinthe effector domain, A-37,has beenmutatedto prevent GTP . 

20 . exchange;theADP-ribosyltransferaseC3andbiologicallyeffe^^ 

members in one ofthe assays ofthis invention; and compounds such as Y-27632 that antagonise Rho- 
associatedkinase(Somiyo,1997,Nature,389:908-910;Uehata,d 

Patent No. 4,997,834). As described above, other antagonists include GDP dissociation inhibitors 
(GDIs), such as Rho GDP-dissociationinhibitor 1 (RhoGDI fi-omHomo sapiens) inhibitthe dissociation 
25 of GDP fromRho, and thereby preventthebinding of GTP necessary for the activation ofRho (see, for 
example, Takahashi, K., J. Biol. Chem., (1997), 272:23371-5; Gosser, Y.Q., et al., Nature (1997) 
387:814; Adra, et al., (1997) Proc. Natl. Acad Sci., 94:4279-4284, 
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The antagonist of Rhofamily membeiis ina^^ 

members orits derivatives, butalso includes the therapeutic appiicatioaof all agents, referredherein as 
pharmaceutical agents, which alter tiiebiological activity of the Rho family members protein such that 
inhibition of neurons or their axon is suppressed. 

5 

The term "effective amounf or "growth-promoting amount" refers to the amount of phamiaceutical agent 
requiredtoproduceadesiredantagonisteffectoflheRhofamilymembersbiob^ Thepredse 
effective amountwillvaiy with the nature of pharmaceutical agentused andmay be detemiinedby one or 
ordinary skill in the art with only routine experimentation. 

10 

As used herein, the Rho family of proteins comprises, but is not limited to rho, rac, cdc42 and their 
isotypes, such as RhoA,RhoB, RhoC, as well as Rho-associatedkinase that are expressedinneural tissue. 
Othermembers of the Rho family that are detemiined andwhose inhibition of activity allows forneurite 
outgrowth are comtemplated to be part of this invention. (See, for example, Katoh, H. , et al., J. Biol. 
15 Chem, 273:2489-2492, 1998; van Leeuwen, F., et al, J. Cell Biol, 139:797-807, 1997; Matsui et al„ 
EiMBOJ. 15:2208-2216, 1996; Amanoetal.,Science,275:.1308;Ishizaki,T.rt 
404:118-124). 

As usedherein, the terms "Rho family memberbiological activity" refers to cellular events triggeredby, 
20 being of either biochemical or biophysicalnatui'e. The following hst is provided, without hmitation, which 
discloses some of the known activities associated with contact-mediated gi'owth inhibition of neurite 
outgrowth, adhesion to neuronal cells , and promotion of neurite out growth from new bom dors al root 
ganglion neurons. 

25 As usedherein, the term "biologically active" , or reference to the biological activity ofRho fenrily members 
or, or polypeptide fragment thereof, refers to apolypeptide thatis able to produce one of the ftinctional 
characteristics exhibited by Rho family members or its receptors des cribed hoiein. In one embodimait, 
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biologicafly acdveproteins are those that demonstrateinhibitoiy growth^ ceatral nervous system 
neurons. Such activity may be assayed by any method known to those of skill in the art, 

ThetemiC3 refers toC3ADP-ribosyltransferase, aspecificRhoinactivator. Apreferredrepresentative 
5 exaii5)leis C3 ADP-ribosytoansferase, a23 KDaexoenzymesecretedfrom certainstrains of types Cand 
DframClostridiumbotdinum,whichspecificaUyADP-ribosylat^ 

proteins. This ADP-ribosylation occurs ataspedficasparagineresidueintheirputativeefFectordomain, 
andpresumably interferes with their interaction with aputative effectormoleculedownstreaminsignal 
transduction. Numaous references describing these compounds can be foundin Methods inEnzymologyf 
10 Vol256,PartB,Eds.:W.RBalch,C.H.Der,andA,HaU;AcademicPress,19^^^ 
207 et seq, 184-189, and 174 et seq.. 

Based on thepresent evidence thatRhofamilymembers can affect growth inhibitory pro^ 
myehn, the means existto identify agents and therapies that suppress myelin-mediatedinhibitionofnerve 
1 5 growth. Further, one can exploit the gi'owth inhibitingproperties of Rho family members, or Rho family 
members agonists, to suppress undesired nerve growth. Without the critical finding that Rho family 
members has growth inhibitory properties, these strategies would not be developed. 

Rho Family Member Antagonists and Assay Methods to Identify Rho family members . 
20 Antagonists 

In one embodiment, Rho family member antagonists will be inhibitors of GtPase activity . The GTP/GDP 
cycleof Rho family members activation/inactivationisregulatedby a number of exchange factors. 
Compounds that block exchange, thereby inactivating Rho family members are preferred embodiments of 
25 this invention. 

In another embodiment suitable Rho family member antagonist candidates are developedcomprising 
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ftagmeats, analogs andderivatives of Rho family members. Sequences forRhoferaily members are known, 
such as those described: Chardin,P., etal., (1988) Nucleic Acids Research, 16:2717; Yeramian, etal., 
(1987)NucleicAcidsResearch,15: 1869). SuchcandidatesniayinterferewithRhofarailymembeis- 
mediated growth inhibitionas competitivebutnon-fimcdonal mimics of endogenous Rho family members. 
Fromthe amino acid sequence of Rho family members and from the clonedDNA coding for it, it will be 
appreciated that Rho family members fragments can be produced either by peptide synthesis or by 
recombinantDNA ejqjression of either atruncated domain of Rho family membei^, or of intact Rho femily 
members coiddbepreparedusingstandai'drecombinant procedures, that can then bed^ 
in either arandomorasite-selectivenMnner.AndogsofRhofamilymembers or Rho 
fragments can be generated also by recombinant DNA techniques or by peptide synthesis, and will 
incorporate one or more, e.g. l-5,L-orD-aminoacidsubstitutions. Derivatives of Rho family members, 
Rho family members fragments andRho family members analogs canbegeneratedby chenricalreaction 
of theparentsubstanceto incorporate the desiredderivatizing group, such as N-terminal, C-terrainal and 
intra-residue modifying groups that have the effect of masking orstabihzing the substance or target amino 
acids within it. 

Inspecific embodiments of the invention, candidate Rho family member antagonists include those thatare 
derivedfrom adetermination of the ftmctionally activeregion(s) of aRho family member. Antibodies ca 
bepreparedusingtechniques known in the against epitopes in Rho family members, which, when found 
to be function-blocking in in vitro assays, can be usedtomaptheactiveregions of thepolypeptideashas 
beenreportedfor otherproteins (for example, seeFahrig, et al, (1993) Europ, J, Neurosci, 5, 1 1 18- 
U26,Tro^dk.,etaL,{\994)J.Neurochem.,62, 854-862). Thus, it canbe determined whichregions 
ofRhofamilymenteisGTPasesrecognizedby substrate molecules that 

outgrowth. When those are known, synthetic peptides can be prepared to be assayed as candidate 
antagonists oftheRho family mOTibers effect Derivatives of these canbe pi'eparedjincludingthosewith 
selected amino acid substitutions to provide desirable properties to enhance their effectiveness as 
antagonists of the Rho familymembers candidate functionalregions of Rho family members canalsobe 
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determinedby tfaepreparation of alteredfonns of tbeRho family members domains using recombinant 
DNA technologies to producedeletionorinserdcnmirtants that cmbee^^ cell types as 

chimericproteins. All of the above forms of Rho family members, andfoitns thatmay be generatedby 
technologiesnotlimitedtotheabove,canbetestedforthepresenceoffimctionalre^ 
5 suppress neurite outgrowth, and can be used to design and prepare peptides to serve as antagonists. 

In accordance with an aspect of the invention, the Rho family member antagonist is formulated as a 
pharmaceuticd composition which contains the Rho family member antagonistin ^ 
suppress Rho family member-mediated inhibition of nerve growth, in combination with a suitable 
10 pharmaceutical carrier. Such compositions areuseful, inaccordancewithanother aspect of thS invention, 
tosuppressRhofamiiymember-inhibitednen^egrowthinpatientsdi 

disorder, conditions andaiknents of the PNS and the CNS where treatmentto increaseneuriteextensionj 
growth, orregenerationis desired, e.g., inpatients with nervous system damage. Patients sufferingftom 
traumatic disorders (including but not limited to spinal cord inj uries, spinal cord lesions, surgical nerve 

1 5 lesions or other CNS pathway lesions) damage secondary to infai'ction, infection, exposure to toxic agents, 
malignancy, paraneoplastic syndromes, orpatients with various types of degenerative disorders of the 
central nervous system can be treated with such Rho family members aotagonists. Examples of such 
disorders includebut are notlimitedto Strokes, Alzheimer's disease, Down's syndi*ome, Creutzfeldt- Jacob 
disease, kum, Geistman-Straussler syndrome, scrapie, transmissiblemink encephalopathy, Huntington's . 

20 disease, Riley-Day familial dysautonomia, multiple system atrophy, amylotrophic lateral sclerosis or Lou 
Gehrig's disease, progressive supranuclear palsy, Pai'kinson's disease and the like. The Rho family 
members aatagonistsmay beusedto promote theregeneration of CNS pathways, fibersystems andtracts. 
Ihaparticdarembodimentoftheinvention, the Rho family members antagonistisusedtop^^ 
regeneration of nerve fibers over long distances following spinal cord damage. 

25 

Inanother embodiment, theinventionprovides an assay methodadapted to identify Rho fainilymenA 
antagonists, thatis agents that block or suppress the growth-inhibiting action of Rho family members. In 
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its most convenient form, the assay is a tissue culture assay that measures neurite out-growth as a 
convenient end-point, andaccordingly uses nerve cells that extendneurites when grown on apermissive 
substrate. Nerve cells suitablein this regardincludeneuroblastomacells of theNGlOS lineage, sucbas 
NGl 08-1 5, as well as otherneuronal cell lines such as PC12 cells (American Type Culture Collection, 
12301 Parklawn Drive, Rockville, MD 20852 USA, ATCC Accession No. CRL 1721), human 
neuroblastomacells, andprimary cultures of CNS orPNS neurons taken from embryonic, postnatal or 
adult animals . The nerve cells, for instance about 1 0^ cells-microwell or equivalent, are cultured on a 
growth permissivesubstrate, such as polylysine or laminin, thatis over-layed withagrowth-inhibiting 
amount ofRho family members. The Rho family members incorporatedinthecultureis suitably myelin- 
extractedRho family members, although forms ofRho family members other than endogenoiiS forms can 
beusedprovidedthey exhibittheRho family members property of inhibitingneuron growth when added 
to a substrate that is otherwise growth permissive. 

In this assay, candidate Rho family member antagonists, /. e. , compounds thatblockthe growth-inhibiting 
effect ofRho family members, are addedto the Rho family membei'-containing tissue culturepreferably in 
amount suffidenttoneutralizetheRho family member growth-inhibiting activity, that is betweai 1 .5 and 1 5 
fig of Rho family members antagonistperwell containing adensity of 1000NG108-15 cells/well cultured 
for 24hr. inDulbecco's minimal essential medium After culturing for aperiodsufficient for neurite 
outgrowth, e.g. 3-7 days, the culture is evaluated forneurite outgrowth, and antagonists are thereby ^ 
revealed as those candidates which elicitneurite outgrowth. Desirably, candidates selectedas Rho family 
member antagonists are thosewhicheHcitneuriteoutgrowthtoastatisticalty 
least 50%, more desirably at least 60%, e.g. 70%, per 1,000 cultured neurons. 

OtherassayteststhatcoddbeusedincludewithoutUmitationthefoUowing 1) The growth cone collapse 
assay thatis used to assess growth inhibitory activity of coUapsin (Raper, J,A., andKapfhammer, IP., 
(1990) Neuron, 2, 21-29; Luo, L., et al, (1993) Cell 75, 217-227) and of various other inhibitory 
molecules (Igarashi,M.., e/ a/., (1993) Science 259. 77-79) whereby the test substance is addedto the 
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culture medium and a loss of elaborate growth cone morphology is scored. 2) The use of pattemed 
substrates to assess substrate preference (Walter, J. et ah, (1987) Development lOL 909-913; Stahl, 
et aU (1990) Ueuron 5,735-743) or avoidance of test substrates (Ethell, D.W,. et al, (1993) Dev. 
BrainRes.ll,\-%\ 3) The expression ofrecombinant proteins on aheterologous cell surface, andthe. 

5 transfected cells are used in co-culture experiments. The ability of theneurons to ©ctendneurit^; onthe 
transfectedcellsisassessed(Mukhopadhyayetd.,(1994) A^ewronll J^^^^ 4) Theuse of sections 
of tissue, such as sections of CNS whitematter, to assess molecules thatmay modulate growthinhibition 
(Carbonetto, S, et al, (1987) J, Neuroscience 1 610-620; Savlo, T. and Schwab, M.E, (1989) / 
NeuroscU 9:1126-1133). 5) Neurite retraction assays whereby test substrates are applied to 

1 0 differentiatedneural cells fortheirability to induce or iuhibitlheretraction of previously extendbdneurites 
(Jakink, et al, (1994) I Cell Bio. 126, 801-810; Sudan, H.S,; eUL (1992) Neuron 8, 363-375; 
Smalheiser,N., (1993) y.A^e«roc/2em.6L 340-342). 6) Therepulsion of celU^ 
aggregation assays (Kelm, S., et al, (1994) Current Biology 4, 965-972; Brady-Kainay, S., et al, 
(1993) J. Cell Biol 7) Theuseofnitrocellulosetopreparesubstratesforgrowthassays 

1 5 to assess the ability of neui-al cells to extendnemites on the test substrate (Laganeur, C. andLemmon, V., 
(1987) PNAS 84, 1153-175?, Dou, C-L andLevine, J.M., (1994) I Neuroscience R 7616-7628). 

Diagnostic, Therapeutic and Research Uses for Rho Family Member Antagonists 

20 Rho familymemberantagonistshaveusesin diagnostics. Suchmolecules canbeusedinass^stodetect, 
prognose, diagnose, or monitor various conditions, diseases, and disorders affecting neurite growth 
extension, invasiveness, andregeneration. Alternatively, Ael^o faM 
tomonitortherapiesfor diseases andconditions which dtimatelyresultinnerveA 
conditions includebut are not limited to CNS trauma, (e.g. spinal cordinjuries), infarction, infection, 

25 inaUgnancy,exposuretotoxicagents,nutritionaldefidency,paraQeoplasticsynto 

nerve diseases (includingbutnot limited to Alzheimer's disease, Paikinsorfs disease, Huntington's Chorea, 
amyotrophic lateral sclerosis, progressive supra-nuclear palsy, and other dementias). In a specific 
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embodiment, suchmolecules may be usedto detect aaincseaseinneurite outgrowth as anindicatorof CNS 
fiberregeneration. For example, inspedfic embodiments, alteredlevels ofRho family members activity 
in apatient sample containing CNS myeUn canbe adiagnosticmmkerfor^^ 
including butnotlimitedto glioblastoma, neuroblastoma, andmelanoma, or aconditioninvolvingnerve 
growth, invasiveness, or regeneration in a patient. 

Useful fornerve growth suppression are pharmaceutical compositions that contain, inanamount effective 
to suppress nerve growth, Rho family member antagonist in combination with an acceptable carrier. 
Candidate Rho family members antagonists include fragments ofRho family members that incorporate flie 
ectodomain, including the ectodomain perse and otherN- and/or C-teniiinally truncated fragnifcnts ofRho 
family members orthe ectodomain, as well as analogs thereof in whichamino acids, e.g. from 1 to 10 
residues, are substituted, particularly conservatively, and derivatives ofRho family members or Rho family 
members fragments in which theN- and/or C-terminalresidues are derivatizedby chemicalstabilizing 
groups. 

In a preferred embodiment, mutated forms ofRho family members areused as antagonists. One key 
exampleisRhowiHiamutatedeffectordomain,A-37, which prevents GTP exchange, Variousother 
mutations oftheRho protein thataeatedominatenegativeRhowhich can interfere with 
activity of endogenous Rho inneurons are considered as antagonists witihinfliescope of this inventionto 
inactivate Rho, thereby fostering growth of neurons. 

InanotherpreferredembodimentGDP dissociationinhibitoi:s (GDIs) whidiinhibitthe dissociation of GDP 
from Rho, and thereby prevent the binding of GTP necessary for the activation ofRho are used as 
antagonists. 

Inyetanotherpreferred embodiment, GTPase activating protein (GAP) whichfacilitates theconversion 
oftheGTP-boundactiveRhototheGDP-boundinactivefoimformsthetargetfor 
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acdvity. Tkis,aaip)Mds1hatad^ 

Rho would be candidates for promoting neuronal growth. 

Instill anodierprefenied embodini^t, comp^ 

decreasing the activify ofRho are also consideredRho antagonists of this invention. In this case, the target 

design is basedontheknowledgethatRhoisfomidinthecytoplasnicomplexe^ 

protein(GDI), Tobeconieactive,RhobindsGTPandistranslocatedtothemembrane. Thus^agcntsthat 

promoteGDIactivityandblockRhobindingtotheplasmamemb^^ 

serving as Rho antagonists that would permit neuron growth. 

Inspedfic embodiments oftheinventioa candidate Rho family membeis antagonists includespedficregions 
of the Rho faniily members molecule, and analogs or derivatives of these. These canbeidentifiedby using 
the same technologies described above for identification ofRho family members regions that sctvc as 
inhibitors of neurite outgrowth. 

TheRho family members related derivatives, analogs, andfragments of theinvention canbeproducedby 
various methods knownin the art. The manipulations which result in theirproduction can occur at the gene 
orproteinlevel. Forexample,Rhofamilymembers-encodingDNAcanbemodifiedbyanyofnumerous 
strategies known in the art (Maniatis etai, Moleculai' Cloning, ALaboratoiy Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor,N.Y,, 1 982), such as by cleavage at appropriate sites withrestriction 
endonuclease(s), subjected to enzymatic modifications if desired, isolated, and ligated in-vitro. 

Additionally, the Rho family members-encoding gene can be mutated in-vitro or in-vivo for instance in 
the manner appUed for production of the ectodomain, to create and/or destroy translation, initiation, and/or 
tenninationsequences, orto create variations in codingregions and/or formnew restriction endonudease 
sites or destroy preexisting ones, to feciUtatefiirther w-wfro modification. Any technique formutagenesis 
known in the art cabbe used, including butnotlimitedto, in-vitro site directedmutagenesis (Hutchinson, 
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et aU (1978) I Biol Chem, 253, 6551), use of TAB™ linkers (Pharmacia), etc. 

For delivery of Rho family members antagonists, various known delivery systems can be used, such as 
CQcapsulation in liposomes orsemipemieablemembranes, e^qprcssioninsuitably transformedortransfection 
glial cells, ohgodendroglial cells, fibroblasts, etc. according tothepracedureknown to those skilledin the 
are(Lindvall, etal,{\994) Curr. Opinion NeurobiolA,! 52-1 51). Linkage to ligandssuch as antibodies 
can be us edto target delivery to myelin and to other therapeutically relevant sites m-viVo. Metiiods of 
introduction include, but are not limited to, intradermal, intramuscular, intraperitoneal, intravenous, 
subcutaneous, oral, andintranasal routes, andtransfusioninto ventricles orasiteof operation (e.g. for spinal 
cordlesions) or tumorremoval. Likewise, cells secreting Rho family members antagonist Activity, for 
example, andnotby way oflimitation,hybridomacells encapsulatedinasuitablebiologicalmembranemay 
be implanted in a patient so as to provide a continuous source of Rho family members inhibitor. 

Therapeutic Uses of Rho family Antagonists 

In an embodiment, antagonists, derivatives, analogs, inhibitors of Rho family members canbeusedin 
regimens where anincreaseinneurite extension, growth, orregeneration is desired, e.g., inpatients with 
nervous systemdamage. Patients suffering fromtraumaticdisorders (including butnotlimitedtospmal cord 
injuries, spinal cordlesions, or other QSfS pathway lesiQns),surgical 

infarction, infection, exposure to toxicagents, malignancy, paraneoplasticsyndromes, orpatients with 
various types of degenerative disorders of the centralner^rous system can be tre^ 
protein antagonists. Examples of such disorders include but are not limited to Alzheimer's Disease, 
Parkinsons' Disease, Huntington's Chorea, arayotrophiclateralsclerosis,progressivesupranuclearpalsy 
and otiier dementias. Such antagonists may beusedto promote theregeneration of CNS pathways, fiber 
systems andtracts. Administration of antibodies directedto an epitope of, (orthe binding portion thereof, 
or cells secreting such as antibodies) can also beused to inhibitRhofamilymembers protein function in 
patients, baparticular embodiment of the invention, antibodies dii^ected toRho family members maybe 
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used to promote the regeneration of nerve fibers over long distances following spinal cord damage. 

Various delivery systems areknown andcanbeusedfordelivery of antagonists or inhibitors ofRhofamily 
members andrelatedmolecules, e.g. , encapsulationinliposomes orsemipOTieablemembranes, expression 
by bacteria, etc. Linkage to iigands such as antibodies can be used to target myelin associated 
protein-relatedmolecules to therepeutically desirable sites in vivo. Methods of introduction include but are 
notlimitedto intrademMl, intramuscular, intraperitoneal, intravenous, subcutaneous, oral, andintranasal 
routes, and infusion into ventricles or a site of operation (e.g. for spinal cord lesions) or tumor removal. 

In addition, any method wUch results in decreased synthesis ofRhofamilymembersniai^ be used t 
diminish theirbiological function. For example, andnotby way oflimitation, agrats toxicto the cells which . 
synthesize Rho family members and/or its receptors (e.g. oligodendrocytes) may beusedtpdecreasethe 
concentration of inhibitory proteins to promote regeneration of neurons. 

EXAMPLES 

EXAMPLE 1 

This example demonstrates in vitro evidencethatRho family members areresponsibleforregulatingthe . 
neuronal response to MAG. In paiticular, this demonstrates that the small GTPase Rho regulates the 
responsetoMAG. PC12 cells were platedonpolylysine (PLL), laminm, or MAG substrates and exposed 
toNGFtostimulateneurite growth. PC12 cells dififerentiatedneurites onPLLandlamininsubstrates,but 
on MAG substrates the cells remained rounded and did not grow neurites. 

TheadditionoftheADP-ribosyltransferaseC3 from CtonWiwm 

Rho family members withoutaffecting Rac andcdc42 (Udagawa, T. andMcIntyre, B.W. (1996) J. Biol 
Chem. 27L 12542-12548). allowed the cells to extend neurites on MAG substrates. In addition this 
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example demonstrates neuiite growth fimPC12ceUstransfectedwithadoD^ 
construct Onlaminin andPLLsubstrates theN19 RhoAPCn cells grewneurites thatwerelongCTthan 
the mock-transfected controls. Moreover, Nl 9 RhoA PCI 2 cells were able to extendneurites when 
plated on MAGsubstrates. Therefore, the inactivation of Rho stimulates neurite outgrowth andallows 
5 neimteextensiononMAGsubstiates. TlieseresdtsimpUcateRhoinsignalmggrowthinhiTiitionbyMAG 

Cell Culture 

We obtained PCI 2 cells from three different sources: from Dr. Phil Barker (Montreal Neurological 
1 0 Institute); from the ATCC (obtained from W. Mushinsky, McGill), andfromOabor Tigyi, (lAiversity of 
Tennessee) andwe foundthat all lines of cells were inhibitedby bothinyelin andMAG. PC12 cdls were 
grown in Dulbecco's modifiedeagle's medium (DMEM) with 10 %horse serum andS % fetalbovine 
seium. PC12 cells stably transfectedwith constitutively active and dominantnegativeRhoA constructs 
were kindfyprovidedby Dr. G. Tigyi (University ofTennessee,Men]phis, USA). The threecdlUnes^^ 
15 includedamodctransfectedcellline,aconstitutivelyactiveIUioA(V14GRhoA)ceUline,andadomi^ 
negative RhoA (N19TRhoA) cell line. TransfectedPC12 celllinesweremaintainedinthegrowthmedium 
containing 400 mg/L G418. For cell differentiation experiments, cells were plated on appropriate 
substrates inDMEMwith 1 %fetalbovineserumand 100ng/mlnervegn)wthfactor.Forexpcrimaitson 
mixedsubsttataOaminin/MAGorlamimn/myelin),PC12wereplatedinDMEMwithl%lipidfree-BSA. 
20 in the presence or the absence of 50|ig/ml of an inelevant antibody or of apurified function blocking 
antibody (clone3A3) against therat alpl integrin (agift of S.Carbonetto). PC12 cell differentiation 
experiments were done in 96-well plates in duplicate, and each aperimentwas repeatedaminimum of 
three times. 

25 To culture cerebellar granule cells, 3 - 4 rats from PS to P7 were decapitated. The cerebellum was 
removedandplacedinMEM-HEPES whereunderlyingtissue and the meninges was removed. The 
cerebellum was cutintosmallpieces and treated with 0. 125%trypsininMEM-HEPESfor20' atST'C. 
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Thetissue wasthentrituratedwilh afirepolishedpasteui'pipettetobreakupany clumps oftissue. The 
cells were spun down at 1 500 ipm for 1 0\ and the pellet was resuspended in MEM-HEPES with 2mM 
EDTA.Thecell suspension wasplaced on an iso-osnioticpercollgradientwit^ 
centrifugedforl5*at2300tpm,andtheinterfacebetweenthe60%a^^ Cells 
5 werewashedonce, andresuspendedinDMEMwith 10%FBS, vitamins, andpenicillin/streptomycinin 
the presence or absence of 20 [ig/ml C3 ti-ansferase. Cells were placed in 4-chamber, chamber slides 
coated withpoly44ysmeorlamininandtreatedwithspotsofMAGo 
were plated. 

10 Preparation of growth substrates 

Poly-l-lysine was obtained from Sigma (St. Louis, Mo). Laminin was prepared from EHS tumors 
(PaulssonandLindblom(1994).CeU biology: Alaboratory handbook, Acato 
collagen fromrat tails (Greene, etaL,{mi)MetkEnzymologyW, 201-216). Myelin wasmadefixm 
15 bovine brain coipus callosum, and native MAG was purified from myelin after extraction in 1% 
octylglucosideandseparationby ion exchange chromatogr^hy(McKenracher,L., etaL,{\99A)Neuron 
13, 805-8 1 1). This nativeMAGhas some additional proteins, including some tenascin (Xiao, Z., et al., 
(1997) Neuroscl Abstr. 23, 1994). Recombinant MAG was made in baculovirus as described 
(McKerracher, L., et al, (1994) Neuron 13, 805-81 1). 

20 

Test substrate were prepared as unifomsubsteates in96-well plates or4-chambered sHdes, or as spots 
on 18mm glass coverslips. First, poly-L-lysine was coated by incubation of 100 jig/mlfor3hoursat 
37'^C,andthe wells orcoverslipswerewashedwithwateranddiiei Lamininsubstrateswereprepared 
by incubating 25 ^g/nillamininonpoly-L-lysinecoateddishesfor3hoursat37°C. SolidMAGormyehn 
25 substrates werepreparedby drying down MAG overnight, or incubadnga lOmg/mlnQrdinsolutionfor 
3 hours onpolylysinecoatedsubstrates. For 96-well plates, 14 ug of either recombinant MAG (rMAG) 
GTofnadveMAGpa-well was used Formixedlarainin/rayehnorlamiiiin/MAGsubstrata, 8 jigofinhibitoiy 
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proteins and 10 of lannnin were dried down on 96-well plates precoated with polylysine. For 4- 
chamberedciamber slides, 40 pgMAGpCTchamberwas used, and for 100 mmplatesO.e-lmgof^ 
wasdrieddown. Spots of MAGoncoverslips weregeneratedbyplatingof2mg/mlrecombinantMAG 

on polylysinefor34hoursinaliumidcliarnberat37°C. Collagen substratesweremade by incubating 
10-15 Jig/ml of rat tail collagen for 3 hours at 37**C. 

Immunocytochemistry 

PC 12 cells were visualized by phase contrast microscopy, or following labelling with the lipophilic 
fluQrescentdye,DiI(McKerracher,L, e/ a/., (1994) A^ewron 13,805-81 1). Granulecellswerevisualized 
by immunocytochemistiy. Following 12-24houreinculture,cellswerefixedfor30'atroomtemperature 
in4%parafonnaldehyde,0.5%glutaraldehyde, 0.1 Mphosphatebuffer. Following fixation, cellswere 
washed3X5'withPBSandthenblockedforl hour at room temperature in3%BSA,0.1%Triton-X 
100. Gi3nulecellcultureswei-eincubatedoveiiiightwithapolyclonalanti-rMAGantibody(c^^ 
tolabelMAGspots. TheMAGantibody was detected using anFITCconjugated secondary antibody. 
Rhodamineconjugatedphalloidinwas diluted l:200withthesecondaiy annlxjdy tolabelgranulecell actin 
filaments. 

C3 transferase preparation and use 

TheplasrnidpGEX2T-acodingfortheGST-C3fusionproteinwasobtainedfromA. Hall (London). 
Recombinant C3 was purifiedasdescribedby Dillon andFeig (Met. Enzymology,(1994),256,pp 174- 
184). Afta-fiisiQnprotein cleavage by thnjmbin, thrombin was removedbyincubatingthepro^ 
1 hour onice with 100|il of p-aminobenzamidine agarose-beads (Sigma). TheC3 solutionwas desalted 

onPD10colunm(Phannacia)withPBS,andsterilizedthrougha0.22Mmfilter.llieGconcenM 

evaluatedbyLowiy assay (DCproteinassay,Bio-Rad)andtoxinpuri1ywascontrolledbySDS-PAGB 
analysis. 
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To test the effect of C3 ontheoutgrowthon PC12 cells, C3 transferase was scrape loadedinto the cells 
before plating on appropriate substrates. Cellswere grown to confluenceinserumcontainingmediain 6 
well plates, Cellswerewashedoncewithscraping buffer (114mMKCl, 15mMNaCl,5.5niMMga2, 
lOmMTiis-HCl). Cells were then scrapedwith arubber policeman into 0.5 ml scraping buffer in the 
5 presence or absence of 20 \i§/m\ C3 transferase. The cells were pelleted, and resuspended in 2 ml 
DMEM,l%FBS,and50ng/mlnervegrowthfactorbeforeplating. 10 ^g/mlC3 was added to scrape 
loaded cells'. Cells were differentiated for 48 hours then fixed in 4 % paraformaldehyde, 0.5 % . 
glutaraldehyde, 0. 1 M PO4 buffer. 

10 Membrane Translocation Assay for Rho A 

PC12cellswerecollectedandresuspendedinDMEM,0.1%BSA, 50ng/mlNGF,thenplatedon 100 

mmdishescoatedwithcollagenorMAG,orleftinsuspension.Twohourslater,cellswerewas^ 

ice cold PBS + protease inhibitors (1 \iglm\ aprotinin, 1 jig/ml leupeptin, 1 [ig/ml antipain, 1 fig/ral 

1 5 pepstadn). Cells were then scrapedinto 5ml PBS + protease inhibitors, and the cells were pelletedand 
washed withPBS+protease inhibitors. The cell peUetsweremechanicaUyhomogenizedby 
aglass-teflonhomogenizer,thehomogenate centrifugedfor20niinat8,0Q0rpm, 
pellet was discarded. ThesupematantwascentrifugedforlhouratlOO,OOOxgtoseparatemembrane 
and cytosolic fractions. Membrane pellets were washed 1 X with PBS + protease inhibitors and 

20 .resuspendedinPBSwith0.5%SDS,and 50-100 |igofmembraneproteinwasanalyzedby SDS-PAGB 
on 1 2 % gels . Gels were transferred to Protran niti'ocellulose membrane and stained with Ponceau S. 
Blotswereblockedforlhourin5%skimmilkinTBS,andprobedovemightwi& 
1 :200 in 1.5 % skim milk in TBS. Rho A antibody was detected by using an alkaline phosphatase 
conjugated secondary antibody and an alkaline phosphatase detection kit (Gibco-BRL). 

25 . 

Growth inhibition of PC12 cells and its modulation by NGF and laminin 
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PC12ceUs typically extendneuritesmresponsetoNGF,butwhenplatedonmyelmsubstrat« 
remainroundanddonotextendQeurites(Moskowitz,P.F.,etal.,(1997) J. NeurosdRes. 34, 129-134.) 
(Fig. 2).MAGis apotentinhibitorofaxotigrowthpreseiitinmyelin. WeobservedthatPC12 cellsplated 
on substrates ofMAGalsoremainediounded(Fig. 1), afmdingin contrastto areport thatPC12 cells are 
notresponsivetoMAG(Bartsch,U.,e/fl/..(1995)iV-ffl^on 15, 13754381). Tofw^^ 
response of PC12 cells to MAG, we plated three different lines of PC12 ceUs on both native and 

recombinantMAGsubstratesinthepresenceofNGF.AllofthelinesofPC12cellsshowedreducedcell 
spreading, andniostcellsremainedroundedwithoutnemites.However,withiDCTeasingtime^ 
wereableto extend on MAGsubstrates (seebelow). We also observedthat different preparations of 

MAGcandifFerintheirpotencytoinhibitneuritegrowth,andthattheactivilyofMAGisredacedOT 
upon freeze-thaw. 

Lamimnis known tooverridecompletely,growthinhibitionofNG108 cells bymyelin(David,S.^ 
(1995)y, Neurosci. Res. 42, 594-602). Sirailai'ly, we foundthat PC12 cells ai-e ableto extendneurites 
onmixedmyelin andlamininsubstrales or on mixed laminin/MAG substrates (Fig.2). To determineif 
signallinglhroughintegrinsisresponsibleforovaTidinggrowthinhibitionbymyelu^ 
fimctionblockingantibocfy3A3raisedagainstthe al subunitextracellulai- domain. Previous studies have 
documentedthataii31 integrinisthedominantintegrinexpressedbyPC12ceUs, andthatthe3A3 antibody 
blocks PC12 cell neurite growth onlaminin (Tomaselli, K.J., etal., (1990) Neuron 5, 651-662). We. 
platedPC12 ceUs onmixedmyelin andlamininsubstrales, inthepi-esenceofthe3A3 antibody, or with a 
non-specificIgGantibodyasacontiol.T^ie3A3antibodyblockedneuriteextensiononbothandlam^ 
andthemixedmyelin/lamininsubstrates (Fig.2). OnMAGoronmyelinsubstratesthece^ 
rounded. The observation that the 3A3 antibody restores gniwth inhibition on mixed substrates 

demonstrates thatlaininindoesnotoveiTidegrowthinhMonbymaskingtheinhibitoiydon^ 
but that signals elicited through integrins receptors are responsible. 

Effect of C3 Transferase on PC12 cells 
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TomvestigatepossiHe inlixeMartaigets to 

focused onthe small GTPase Rho which is knownto play arole in convergent signalling pathways that 
affectmorphology andmotility(Hall,A.,(1996) Ann. Rev. CellBiol 10,31-54). We inactivatedRho 

5 mPC12cellsby scrape loading them with the bacterial toxin C3 before plating the cells on the test 
substrates. C3 is known to inactivate Rho through ADP ribosylation(Udagawa, T. andMcIntyre, B. W. 
{\996}J.BioL Ghent 271, 12542-12548). Oncontrolsubstratesofpolylysineandlaniinin,treatoe^^ 
C3 potentiated both thenumberof cells withneurites andthe length of neurites fromcells (Fig.3). On MAG 
andmyehnsubstrates whereneuriteforraationis inhibited, C3 has adramatic effectontheability to extend 

10 neurites (Fig 3). When treated with C3, abduthalf ofthePC12 cellsplatedon eitheriMAGornativeMAG 
had neurites of approximately 1 cell body diameter, hi contrast, the untreated cells remainedrounded and 
clumped. Sirailarly,PC12 cells platedonmyelinremainedrounded, butthe addition of C3 allowedneurites 
to extenddirectly on themyelin substrate, Theseresults demonstratethatC3 treatmenteUcitsneurite 
growth from PC 12 cells plated on growth inhibitory myelin or MAG substrates. 

15 

Growth of dominant-negative Rho-transfected cells on MAG substrates 

PC12ceUstransfectedwithconstitutivelyactiveRhoA(V14GRhoA),andPC12cellsfr 
dQminantnegativeRhoA(N19TRhoA), and themock-transfected cells, were examinedfortheir ability . 
20 to extendneurites on differenttestsubstrates. Cells wiflithe constitutively activemutation, VMGRhoA 
cells, differentiatedpoorly on all substrates, including poly-L-lysine and laminin. The treatment of the 
VMGRhoA cellswithC3 aUowedthegnDwthofsomeshortneurites on aUofthetetsubstrates, including 
MAG 

25 In the same series of experiments the response of dominant negative Rho- transfected cells , N 1 9TRhoA 
cells, to MAG and myelin substrates was examined. WhenN19TRhoA cells were plated on MAG 
substrates, they spread and did not remain rounded as did the mock transfected PC12 cells. A small 
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number of cells had short neurites, an effect that was observed on both the rMAG and native MAG 
substrates (Fig.3). 



C3treatmentofmocktransfectedandN19TRhoAceUshadadraiaticeffectofneimteoutgrowthasn^^ 
5 cellshadextensiveneurites(Fig.3). TheeffectofaonN19TRhoAcellswasmuchmoremarkedthan 
the effectonthemocktransfectedceUs. Therefore, thecoinbinationofGtreatmentandtramf«^ 

dominantnegativeRhoeUdtedexceUentoutgrowthofnemitesfromPC12cellsplatedoni^^ 
(and myelin) substrates. 

10 Effect of C3 on Primary Cells 

Totcst theinvolvementofRhointheresponse ofprimaiy neurons to MAG and to myelin substrates, 
cerebellar granuleneuronswcreplatedontestsubstratesandtreatedwithCB.Ncuriteoutgrowth from 
thesecellswasknowntobeinMbitedbyMAG(Li,M.,eifl/.,(1996)/;\^e«rojri.i?es.46,40^ 
15 the C3 stimulated growth of neurites from the granule cells on both permissive and inhfljitory substrates. 

The growth substrate influences the cellular location of Rho 

Rhoisassociatedwiththeplasmamembranewhenitisinanactivatedstate,anditmovesintothecytosolic . 

20 fractionwhenitisintheGDP-boundinactivestate.Todetemiineifthegrowthsubstrateinfluencest^^ 
cellularlocalization ofRho, cells were eitherleftinsuspensionorplatedonMAGorcoUagensubstrales, 
andpreparedmembranesfiomthe cells twohours later. Itwas shownthatRhowas principally localized 
inthecytosoUcfractionwhenceUswereplatedQncoUagen,agrowthpemiissivesubstiate.HowevCT^ 
was associated with the plasmamembrane whencellswheregrowninsuspension andwhen cells were 

25 plated on MAG (Fig. 4). 



EXAMPLE H: IN VIVO DEMONSTRATIONS 
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1. Effect of C3 on cultured retinal neurons 

TotestthemvolvementofRhointiierespoiiseofpTmaiyneuionstoMAGandto^^ 
5 puiifiedretinalneuronsandtreated them with C3. Neurite outgrowth firamtiiese cells was inhibitedby 
MAG(Fig.5a).AswithPC12cells,treatmeatofretinalneuronsceUswithC3aUowedneuriteext^ 
onfliegrowfliinhibitoryMAGsubstratestoanextentsimilartothatobservedtmccmtr^^ 
5b and 5) 

10 To ensure that the effect of C3 treatment resulted from uptake of O into the cells, we exJIminedby 
Westem blot the electrophoretic mobility of Rho in PCI 2 cells andretinalneuions treatedwith C3 (Fig. 
6).Ithaspreviouslybeenshownthat ADP-ribosylationof Rhoresults indecreasedmobility ofRhoon 
SDS-acrylamidegels(MethodEnzymol. Vol 256, Chapter22pgl98).For our experiments, PC12cells 
were scrape-loadedwith C3 orwith scrape-loading buffer as a control, andcell lysates were prepared 

15 after 48 hours in culture. Westemblots ofthelysateswithanti-RhoAantibodyrevealedanincreaseinthe 
^jparentmolecdarweight in cells treatedwith C3. As a conto3l for the spedfidly of the eff^^ 
thesameblots for another small GTPase of theRho family, Cdc42. Cdc42 didnotshow any changein 
mobility upon treatment witii C3. 

20 Tocultureretinalneurons,retinaswereremovedfromPl-P5ratpups,andthecells weredisscdatedwith 
1 2. 5 U pEqjain/ml in Hanks balanced salts solution, 0.2 rag/ml DL cysteine and20 ng/ml bovine serum 
albumin. The dissociated cells were plated on test substrates in the preseace of 50 ng/ml BDNF in 
DMEMwilh 10%FBS,vitamins,andperacillin/streptomycininthepresenceorabsenceof 50 ^ig/mlCS 
transferase. Neurons were visualized by fluorescent microscopy with anti-pin tubulin antibody. 

25 

2. Effects of C3 on retinal ganglion cell axon growth in vivo 
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ToexplorethepossMitythattreatmentofdamagedaxons withG mightfostCTregena^^ mvivo,we 
exammedregeQcradon of retinal gangU(mceU(RGQaxonsktiieopticn^^ 
crush. Recently, ithas been shovrathatmiCTolesions in the CNS reduce the extent of the glial scar and 
allow axons access to CNS white matter distal to thelesion(Davies,S.J.A., etal. (1997) NatureM, 
680-683). Tomakemiciolesions of opticnerve, 10.0 sutures were used to axotomizeRGC axons by 
ccmstriction (Fig. 7a). Retrograde labeling ofRGCs from the superior colliculus (notshown), as well as 
anterogi-adelabelingtechniques(eg.,Fig.7a)verifiedthatRGCaxonswereeffectivelyaxotQmizedTo 
j^lyCB to crushednerves,Gelfoamsoakedwith2mg/ralC3 was wrappedaroundtheleft opticnerve 
atthecrushsite,andtwoElvaxtubes,each loadedwith20 [igofOweneposilionedforsustainedslow 
release (Fig. 7a). Twelve animals were treated with C3, anda&rtherSanimalsweretreated^tfaPBS as 
controls. Crushedandregeneratingaxonswere visualized by anterograde labelingwithcholeratoxin 
injected into the eye 1 2 days after optic nerve crush (Fig. 7a). Fourteen days after optic nerve crush, 
longitudinal ciyostat sections of the optic neives were examined by fluorescent microscopy for 
immunoreactivity to cholera toxin to detect anterogradely labeled RGC axons. 

In control opticnerves that received optic nerve crush alone, no RGC axons extendedpastthecrushsite 
(n=3 animals). In contixjlanimalstreatedwith PBS- Elvax pellets andgelfoam,the crush sitewas easily 
detectedwheremost antetogradelylabeled axons stopped abmptly (Fig. 7c). However,intheseanini^ 
afew axons did extendpastthe cmsh (Fig. 7c, arrows), andthenumber of axons thatregenaated varied ■ 
fiomanimalto animal. The ^licationofGelfoamandHvax tubes may have alteredtheresponseto injury. 
Nonetheless, the response to C3 treatment applied with this lesion paradigm was dramatic. 

We observedthat C3 treatment allowed many RGC axons to grow past the region of the lesion. In 7 of 
12 C3-treated animals, the lesion sitewas not clearly definedbecause of the large numbers of axons that 

extended through thesite(Fig.7dande). Many oftheaxons that extendedpastthelesionsiteshoweda 
twisted path of growth, supportingtheir identification as regenerating axons (Fig. If). A quantitative 
comparison of C3 aadPBS treated animals revealedthatmore fibers grew past the lesionsite after a 

SUBSTITUTE SHEET (RULE 26) 



> wo 99/23113 PCT/CA98/01013 

31 

treatmentthanafterPBS treatment (Fig. 7b). Forthis analysis wemade aconservative estimate ofthe 
lesion site based on morphology, and counted the number of fibers in the distal optic nerve in 1 4 jmi 
sections. Seven of 12C3-treated animals showed atleastonesection with 10-20 axons extending 250 
^mi past the crush, compared with 1 of 8 of the PBS-treated controls (Fig. 7). In some animals 
regenerating axonswereobserved up to 1 mmfromthecrush,anextentofregenerationsimilartothat 
observedinmouse opticnerve aftei't-eatmentwithlN-l antibody to blockmyelininM 
extended up to 750 ^m ((Bartsch, U., et al\ (1995) Neuron 15, 1375-1381). 

C3 treatment of crushed optic nerve in adult rats 

Ratswere anesthetized with0.6ml/kghypnomi,2.5mg/kgdiazepanm^ 
nerve was expos ed by asupraorbital approach, the optic new sheath slit longitudinally, the optic nerve 
liftedoutandcrushed 1 mmfromthe globe by constriction with a 10.0sutureheldfor60seconds (Fig. 4a). 
For C3 treataientandbuffer controls, GelfoanisoakedinPBS or2 mg/ml C3 transferasewas placed on 
the nerve at the lesion site. Two 3 mmlong tubes of Elvax (Sefton, et ai, ( 1 984)) loaded with buffer or 
20|xg C3wereinsertedintheGelfoamnearthenerveforcontinuedslowreleaseofC3 (Fig. 4b). Twelve 
days after crush, 5 ^1 of 1% cholera toxin Psubunit (listBiological laboratories, Inc., Cambell,CA) was 
injectedintothe vib'eous to anterogradely label retinal ganglion cell axons (Fig. 4c). Two weeks after optic 
nerve crush the animals were fixedby perfusion with 4% paraformaldehyde, and the eye with attached 
opticnervewas removed andpostfbcedin4%paraformaldehyde. Longitudinal ciy 
processedfor immunoreactivity to choleratoxin with goat anti-cholera toxin at 1 : 12,000 (ListBiol. Labs 
Inc,CA),foUowedbyrabbitanti-goatUotinylatedantibody(l:200,Ve^^^^ 
DTAF-streptavidin (1: 500, Jackson Immunoresearch Laboratories). 

Discussion 

Herewereport that thesmaUGTPbindingproteinRho is likelytobeakey intermediate in then^^ 
response to neurite growth inhibitory signals. Treatment of cultured PC 1 2 cells, retinal neurons, and 
cerebellargranule cells with GenzymetoinactivateRhoallowedneurites toextenddirecdy oninhibitoiy 
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substratesof MAGormyelin. Also, PC12 cells uansfectedwitli dommantnegativeRhoA extended 
neurites onMAGsubstrates. Therefore, inadvationofiUiovvassuffidenttoa^ growth onMAG 

or myelin substrates when neurons were grown in the presence of neuroti-ophic factors. 

Further, our observationsofmicrolesionedopticnerves after treatnientwithC3 provide thetoevid^ 
that the inactivationofRho in axons and non-neuranal cells near the site of lesion can help foster 
regeneration after injury. WWlethewvirroexperimentsshowed that C3 can affect directiy 
neurites fromretinal ceUs, itis likely thatthe effects we obseiyed after application of C3 totheopticnerve 
in vivo ai-e more complex. O may affect other non-neuronal cells , such as macixjphages and astrocytes, 
andthesepossibitiesneedto be fiuther examined. Nonetheless, ourdatapix)vide compelling eWdence that 

C3 can promoteneurite growth oninhibitory substrates mvwro.andhelpstoovercome growth inhibition 
in vivo. 

Regulation ol'neurite growth by Rlio family members 

Not allofthemydin-<lerivedinhibitoiy molecules m-e known to date, andless is known abouttheneuiona^ 
receptors forgrowthinhibitoiy molecules. Several different MAGreceptors havebeen identified (Collins 
et al. 1 997; Yang et al. 1 996), and additional neuronal receptoi-s to myelin inhibitors are likely to exist. 
Taigetmg intracellularsignalingmechanisms convergingto Rhoratherthan individual receptoremay be the 
mostpracticalway toovercomegrowthinhibition invivo. TheadvantageofinactivatingRhotostimulate 
regeneration is thataxons canregeneratedirectly on thenativeteirainof the CNS, and thus may bemore 
likely to find their natural targets. 

Both]VL\Gandtheothermyehn-derivedgix)wthinhibitoiypiTJteinsblockaxonextensionly 
cone collapse (Li, M., et al, (1996) J. Neurosci. Res. 46, 404-414; Banddow, C.E., et ai, (1993) 
Science 259, 80-83). These finding suggested to us that growth cone collapse by the myelin-derived 
inhibitors might be regulated by Rho. Moreover, in non-neui-onal cells, Rho participates in integrin- 
dependent signaling (Laudauna, C, et a/., (1996) ScieiiceTn, 98 1-983.; Udagawa, T. andMcIntyre, 
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B. W. (1996)7. Biol Chem. TIL 12542-12548.). Togetherwithlheobservationthatlaminmcanov^^ 
myelin-derived inhibition, we hypothesized that small GTPases of the Rho family might play arole in 
integratmgsignalingfix5mpositiveandnegativegi*ow& 

use oftheADP-ribosyl transferase C3 from CtorrzA'wmio/u/wumthatefficientlyinactiva 
5 affecting Rac and Cdc42, two othermemba^ of the Rho family (Udagawa^ andMcIntyre,BW. (1996) 
J.Biol Chem. 271, 12542-12548) andfoundthatC3t'eatmentfostersneuritegrowthinthepresenceof 
growthinhftritors. Moreover, immunocytochemicalobseiYations indicatethatRho protein is concentrated 
at the filopodial tips of growth cones in adhesion stmctiires calledpoint contacts (Renaudin et al. 1 998). 
Therefore, our w vitro results suggesttheRho signaling pathway is akey target for regulating growth cone 
10 motility and stimulating regeneration. 

Moreover, this datais relevant to the finding of S bng et al (Song et al. Science 281:1515-1518(1 998)) 
who report that growth cone repulsion by MAG can be converted into attraction by elevation of 
intracellular cAMP levels to activate protein kinase A (PKA). Experiments with non-neuronal cells has 
1 5 implicated cAMP in the regulation of Rho because elevation of cAMP inhibits Rho activation (Laudanna, 

C, e/fl/., (1 996) 5dewce 27L 98 1 -983) JnPKA deficientPC 1 2 cells, el^^^^^^ 

from the activation of Rho by lysophosphatidic acid (Tigyi, G., et al, (1996) J. Neiirochem. 66, 
537-548), afindingthatsuggests that PKA-dependent regulation ofRho occurs in neural cells as well. 
Therefore,thecAMP-dependentregulationislikelytobeupstixamofRho(Laudanna,C., e/a/.,(1996) - 
20 • Science 271,981-983). 

The non-neuronal response to optic nerve injury 

Remarkably, we observed that RGC axons crossed the lesion site to entei* the distal optic nerve after 
25 treatmentofinjuredopticnervewithC3. Some axons grewup to 1 mmpastthe site of lesion. This distance 
is compm-able to the maximal distances observed followingtreatment of optic nerve wifhIN-1 antibody 
(Bartsch,U., etalj{l995)Neuron\5, 1375-1381) Themoststiikingfeatureofourresultswasthelarge 
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number of axons that were able to cross the lesion site compared to PBS-U-eated controls (see Fig. 7). 
Therefore, it is appears that C3 was also ableto promote axon growth on inhibitoiy proteins presentatthe 

ghalscar,indicatingthattaigetingtheMosignalingpathwayaswidespreadefficacyinstimuIati^ 
regeneration after injury. 
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We Claim: 

1 . An antagonist of one or more of Rho family members characterizedby the ability to elicit neurite 
outgrowth from cultured neurons in an assay method, comprising the steps of: 

(a) culturingneurons onagi'owthpem[iissivesubstrate thatincoiporates a growth-inhibiting 
amount of a Rho family member; and 

(b) exposing the cultured neurons of step a) to a candidate Rho family member antagonist 
agent in an amount and for a period sufficient prospectively to permit growth of the 
neurons; 

thereby identifying as Rho family antagonists the candidates of step b) which elicit neurite outgrowth 
from the cultured neurons of step a). 

2. The antagonistaccQrding to claim 1 , whereinsaid Rho family members ai^e selectedfromthe group 
comprising RhoA, RhoB. RhoC, Rac, cdc42 and Rho-associated protein kinase. 

3. Theantagonistaccordingtoclaiml,whereinsaidinteractionwiththeRhoregulatoiypathw 
via interaction with GTP/GDP cycle. 

4. The antagonist according to claim 3 , wherein the interaction with the GTP/GDP cycle involves 
GTP/GDP exchangeproteins (GEP's); GDP dissociationinhibiton (GDI's), or GTPase activating 
protein (GAP) to regulate Rho activity. 

5. Theuseof antagonists of one or more Rho family members to promoteneural growth by inhibiting 
Rho family members in the central nervous system. 

6. Theuseof ADP-ribosyl transferase C3, or othercloselyrelatedtoxins,topromoteneural growth 
by inhibiting one or more Rho family members in the central nervous system. 



7. 



TheuseofaGTPaseactivatingproteinthatisspecifictoRhoto convert GTP-boundactive Rho 
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8. Theuseof ADP-ribosyl transferase C3 accordingtoclaim6,whereinsaidrelatedtoxinsaretQxms 
AorB. 

9. Theuse of biologically active fragments of ADP-ribosyl transferase C3, analogs and derivatives 
thereof, to pixmoteneural growth by inhibiting one ormoreRho family members in the central 
nervous system. 

1 0. Theuse of Y27632, or related compounds, to promote neural growth by inhibiting Rho-assodated 
kinase in the central nervous system. 

11. The use of genetically mutated fonns of Rho, to promote neural growthby inhibiting one ormore 
Rho family members in the central nervous system. 

1 2. Theuse of dominant negative Rho to inactivate Rho, to foster axon growth inflie central nervous 
system. 

13. ThegeneticallymutatedfonnofRlioaccordingtoclaim 1 l,whereinthemutationisintheeffector 
domain, A-37, thereby preventing GTP exchange. 

1 4. The use of GDP dissociationinhibitors, or stimulation thereof, to inhibitthe dissociation of GDP 
from Rho and thereby prevent the binding of GTP necessary for the activation of Rho, 

15. Theuse of compounds thatpromote Rho binding to GTPase inhibiting protein (GDI), thereby 
antagonizing the ability of Rho to be translocated to the plasma membrane. 

16. A method forproducing Rho antagonists from Rho family members, fi-agments, analogs of 
derivatives by peptide synthesis or by recombinant DNA expression of either atruncateddomain 
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of Rho family members, incoiporatingoneormareL^ orD-amino acidsubstitations, or of intact 
Rkofamilymerabersusingstandardrecombinantproced^^ 
bytheabilitytoeUcitneidteoutgrowthfromcdturedne^^ 
steps of: 

(a) culturingneurons onagix)wthpOTmssivesubstratethatincoiporates agrowth-inhibiting 
amount of a Rho family member; and 

(b) exposing the culturedneurons of step a) to acandidateRho family member antagonist 
agent in an amount and for a period sufficient prospectively to permit .growth of the 
neurons; 

• therebyidentifyingasRhofamilyantagoniststhecandid^^ . 
from the cultured neurons of step a). 

The antagonist according to claim 1 , wherein derivatives of Rho family members, Rho family 
members fragments andRhofamilymembei^ analogs canbe genemtedby chemical reaction of the 
parcntsubstance to incorporate tlie desiredderiviiizing gi*oup, such as 
intra-residuemodifyinggix)upsthathavetheeffectofmasldngorsm 
amino acids within it. 

An antagonist of one or more of Rho family members, characterized by following properties: 

(a) blocks growth inhibition of neurites by myelin or myelin proteins; and 

(b) interferes withRho family members-mediated growthinhibition as competitivebutnon- 
functional mimics of endogenous Rho family members; 

Acompositioncomprisingathei-apeutically effective amountofthecomposition of claim 1 ina 
suitable pharmacologic carrier. 

An assay method.useful to identify Rho family member antagonist agents that suppress inhibition 
of neuron growth, comprising the steps of: 

(a) culturirgneurons on a gi-owthpermissive substrate that incorporates agrowfii-inhibiting 
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amount of a Rho family member, and 

(b)exposingthecidturedneuronsofstep a) toacandidateRhofamilymember antagonist 
agent in an amount and for aperiod sufficient prospectively to permit growth of the 
neurons; 

therebyidentifyingasiaiofamily antagonists thecanddates of stepb)wMchelidtnfia^ 
from the cultured neurons of step a). 

AldttotestforRhofemily antagonists that canbeusedtopromoteneuiitegrowthcomprisingthe 
components necessary to woric the method of claim 1 6, in a suitable container. 

Amethodtosuppress the inhibition of neuron, comprising the siepsof delivering, tothenerve 
growth environment, a Rho family antagonist in an amount effective to reverse myelin inhibition. 
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Figure 4 
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